Background: Non-suppurative encephalitides in a variety of species, including humans and dogs, have been linked to infection by astroviruses and bornaviruses. Hypothesis/Objectives: To determine whether or not ribonucleic acid of astroviruses or bornaviruses was present in the cerebrospinal fluid (CSF) of dogs with clinically diagnosed meningoencephalomyelitis of unknown etiology (MUE). Animals: Twenty-five client-owned dogs evaluated by CSF analysis at a single university referral hospital. Methods: Prospective case-control study. Cerebrospinal fluid was collected from clinically diagnosed MUE and control cases and evaluated by reverse-transcriptase polymerase chain reaction for the presence of astrovirus and bornavirus. Results: Neither astrovirus nor bornavirus nucleic acids were identified in CSF collected from 20 clinically diagnosed MUE and 5 control cases. Conclusions and Clinical Importance: The negative results of this investigation suggest that astrovirus and bornavirus are not commonly detectable in CSF of dogs with MUE.
Viruses are of particular interest as factors priming the development of autoimmunity. 2, 9 Previous veterinary studies evaluated for the presence of several neurotropic DNA viruses, RNA viruses, and atypical bacterial pathogens associated with encephalitis in humans by polymerase chain reaction (PCR), serology, culture, immunohistochemistry, and metagenomics sequencing. 1, [6] [7] [8] 10 Two studies did not detect viruses in either fresh frozen or formalin-fixed paraffin-embedded brain tissue of dogs with MUE, although neither astroviruses nor bornaviruses were screened for in either study. 1, 6 Non-suppurative encephalitides have been linked to RNA viruses in the families Astroviridae and Bornaviridae, in a number of other species.
Recently, encephalitis in cattle, mink, swine, sheep, and immunocompromised humans has been associated with astroviruses. 6, [11] [12] [13] [14] [15] [16] [17] [18] Retrospective evaluation of brain samples from cattle with European sporadic bovine encephalitis (ESBE), a non-suppurative polioencephalitis of previously undetermined etiology similar to MUE, confirmed the presence of astrovirus in 85% of samples. 18 Bornavirus encephalitis was originally recognized in horses and sheep but has since been diagnosed in a diverse host range including birds and other reptiles, rabbits, cattle, cats, squirrels, humans, and 2 dogs. 19, 20 It is unknown if bornavirus encephalitis is more widespread in dogs.
Immunosuppression of dogs with MUE is the current standard of care. Despite aggressive treatment, the course of disease is usually fatal. Identification of the underlying etiology of this disease complex is crucial to improve treatment plans and prognosis. The objective of this investigation was to evaluate using PCR-based methods for the presence of astroviruses and bornaviruses in the CSF of dogs clinically diagnosed with MUE. Dogs were excluded from the study if they were identified as a breed other than those listed in the inclusion criteria or had positive serum titers for Toxoplasma gondii, Neospora caninum, or Cryptococcus neoformans. Samples were also excluded if the dog was diagnosed with an alternate CNS disease associated with a pleocytosis. Such diseases included CNS neoplasia, fibrocartilaginous embolism, and compressive myelopathy associated with intervertebral disc disease. 26, 27 Dogs were considered as negative controls if they met the inclu- 
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RNA was extracted from 100 μL of supernatant fluid of CSF using a commercial extraction kit (Qiagen RNeasy Kit, Qiagen) according the manufacturer's instructions. The extracted RNA was stored in duplicates as single-use aliquots at −80 C until PCR amplification. An internal control was performed on each sample to confirm for the presence of 18S (RNA) ( Table 1 ). For amplification of Astroviridae, a OneStep RT-PCR kit (Qiagen) was used as previously described with primers shown to amplify a both genera, Avastrovirus and mamastrovirus, of Astroviridae, Astr4380F (5 0 GAYTGGRCNCGNTWYGATGGNA-CIAT-3 0 ) and reverse primer Astr4811R (5 0 -GGYTTNACCCA-CATNCCAAA-3 0 ), targeting conserved regions of astrovirus ORF1b (RNA-dependent RNA polymerase). [29] [30] [31] Bottlenose dolphin astrovirus was used as a positive control ( Figure 1A ). For amplification of Bornaviridae, primers designed to target a conserved region of the L gene of both genera (5 0 GGNATG AGRCARAARYTNTGRAC and 5 0 AARTAYTGYTTYTTNCCRTAYTCR TA), Orthobornavirus and Carbovirus, via PCR were used as previously described. 32 Parrot bornavirus 4 was used as a positive control ( Figure 1B ).
Any identified final amplicons visualized by UV light after gel electrophoresis and bands were to be cut from the gel, extracted using the Qiaquick gel extraction kit (Qiagen, Valencia, California), and submitted to Genewiz (South Plainfield, New Jersey) for sequencing. Table 1 ). Of note, the 2 cases which received glucocorticoids before CSF analysis had the highest TNCC. Histopathology of CNS tissue performed at the time of necropsy in 3 cases was consistent with GME and 1 case was consistent with NME. The remaining cases were alive at the time of writing or were lost to follow-up. The control cases were diagnosed with metronidazole intoxication, intervertebral disc disease, Chiari-like malformation with syringomyelia, and idiopathic cerebellitis. Their age range from 9 months to 13 years (median 9 years). Previous work has focused on the examination of brain tissue in the quest for putative infectious agents. In a study of formalin-fixed paraffin-embedded (FFPE) brain tissue, PCR did not identify the presence of specific DNA viruses in 22 dogs diagnosed with NME, NLE, or GME. 6 Viral DNA or RNA was not identified utilizing broadly reactive PCR on fresh frozen sections of frontal lobe from 11 and 27 confirmed cases of GME and NME, respectively. 1 Several possible explanations exist for these results: the use of stored tissue samples which no longer carry the initiating agent of the disease process, the utilized assays lack sensitivity, or, more likely, these viruses were absent in the etiopathogenesis of MUE.
Astroviruses have generally been associated with clinical signs of gastroenteritis and less commonly respiratory disease. [16] [17] [18] However, numerous reports across human and veterinary medicine have identified astroviruses as emerging neurotropic pathogens, particularly in immunocompromised transplant recipients humans, [11] [12] [13] [14] [16] [17] [18] 33, 34 A novel bovine astrovirus was identified by PCR in the brainstem, cerebellum, and spinal cord of steer diagnosed with an encephalomyelitis and ganglioneuritis of unknown origin. 13 Frequently diagnosed encephalitis in cattle with unresolved etiology, ESBE, was linked to an astrovirus. 18 Like GME, NME, and NLE, a definitive diagnosis of ESBE is based on histopathologic results. Investigators utilized RT-PCR and in situ hybridization on FFPE brain tissue of histologically confirmed ESBE cases to detect astrovirus in 12 of 14 cases (85%). 18 Most recently, astrovirus was identified by RT-PCR and in-situ hybridization in archived CNS samples of newly weaned paraplegic pigs in Hungary. 16 Given that the initiating etiology for MUE remains to be determined, it is reasonable to consider the possible role of astroviruses in its pathogenesis.
Bornavirus disease is associated with non-suppurative encephalomyelitis in horses and sheep in endemic areas of central Europe. 35 There are geographically widespread reports of bornavirus disease in diverse vertebrate hosts including 2 dogs. 19, 32, 35 The dogs with bornavirus were both diagnosed with non-suppurative encephalitis characterized by large perivascular lymphocytic cuffs with varying numbers of macrophages and plasma cells. 19, 35 The GME histologic hallmark is perivascular cuffs composed of mixed lymphoid inflammatory cells, as the canine bornavirus. 25 Unlike GME but similar to NME and NLE, the lesion distribution of Borna disease in the 2 dogs was predominant in the gray matter but identified throughout the nervous system. 19, 25, 32, 36 Given these similarities and the current unknown prevalence of bornavirus in the dog, this virus warranted further inquiry.
Several limitations apply to this work. Only a small number of cases were evaluated. The use of 20 clinically diagnosed MUE cases only allows to state with 95% confidence that the prevalence of PCR-detectable astrovirus in CSF of clinically diagnosed MUE cases is less than 10%. 28 Secondly, given that CSF samples were obtained antemortem from clientowned animals, histopathologic confirmation of GME, NME, or NLE was not available for the majority of cases. A confirmed diagnosis of GME or NME was available in 4 affected dogs that were euthanized due to the severity of the disease and whose owners approved a necropsy. Therefore, 16 cases were presumptively diagnosed with MUE. The authors acknowledge that other disease processes, such as lymphoma, could not be definitively excluded. However, obtaining a definitive diagnosis is a common clinical challenge as the risks of obtaining a CNS biopsy often outweigh the benefits in these dogs. More importantly, while CSF is a very clinically applicable sample to collect from client-owned animals, there is a chance that viral nucleic acids was not available for identification in the small sample collected. In the published human cases, astrovirus capsids were identified in astrocytes, while veterinary reports in swine and cattle primarily identified viral RNA in neurons at the sites of greatest pathology. 13, 16, 17, 33, 34 Similarly, Joest-Degen bodies, which are typically intranuclear but sometimes intracytoplasmic inclusions, are rarely identified in neurons of the brains of animals diagnosed with bornavirus. 35 Both astrocytes and neurons are cell types not typically present in CSF. Bornavirus virions are not typically found extracellularly in large numbers, and cell-tocell transmission has been shown. 37 The assessment of fresh CNS tissue for the presence of astrovirus and bornavirus could prove more fruitful.
Although PCR assays designed for diagnostic discovery of the RNA viruses in a variety of host species were utilized, it is possible that the PCR assays did not detect the particular astrovirus or bornavirus in these dogs. Novel astroviruses were identified in the emerging case reports on astrovirus as a neurogenic pathogen. Similarly, novel divergent bornaviruses were sequenced from Australian pythons with neurologic signs. 31 Intrathecal antibody production was not evaluated as this study focused on the presence of virus in CSF. Serum and CSF antibody titers could be evaluated in affected dogs, though Borna disease virus does to not elicit a strong humoral immune response in naturally infected cats. 38 In conclusion, no evidence of astrovirus or bornavirus RNA was identified in the CSF of dogs with MUE. This suggests that neither astrovirus nor bornavirus was present in the CSF but could have been present in the CNS parenchyma of dogs clinically diagnosed with MUE, that the organisms were present in lower quantities or were not detectable by the PCR assays, that the infectious agent may have been cleared by the time of testing, or that they are not involved in the etiology of clinically diagnosed MUE. Further investigation of astroviruses and bornaviruses in brain samples collected via biopsy or at the time of necropsy should be considered.
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